I. Introduction
The People's Republic of China (PRC) has been the world leader among developing countries in attracting foreign direct investment (FDI) over the past decade. During this period, the PRC economy has boomed. But to what extent have these FDI flows brought technologies, production techniques, and other management practices that have spilled over to indigenous firms from the PRC either in the same industry (horizontal externalities) or in upstream or downstream industries (vertical externalities)?
The research on technological spillovers from FDI shows weak and inconclusive results.
1 A large body of the literature on technological spillovers from FDI in the PRC, too large to be fully reviewed in this paper, mostly focuses on horizontal spillovers, even though vertical spillovers are likely to be important (Moran 2007) . 2 Hale and Long (2011b) provide a critical survey of research on FDI spillovers in the PRC, where potential econometric problems that arise in various studies are discussed in detail. Since that survey was written, numerous papers employed firm-level and industry-specific analysis to address the question.
3 Nevertheless, the results remain inconclusive due to variations in the choice of sample and methodology, in addition to the fact that, as we find out in this paper, spillover effects are heterogeneous across industries, ownership types, and sources.
In this paper, therefore, we try to reconcile some of these results by making use of the best available data, state-of-the-art methodology, and by taking into account industrial and provincial characteristics such as ownership composition and technological intensity that may affect the potential of FDI spillovers. Moreover, we distinguish between FDI from Hong Kong, China; Macau, China; and Taipei,China (hereinafter referred to as HMT); and that from the rest of the world. We allow the spillovers to occur not only within the industry in which foreign presence has changed, but also across industries. This disaggregate analysis is inspired by findings in Hale and Long (2012) that effects of foreign presence are distributed very unevenly across FDI sources, ownership types, and industries of firms. Finally, we compute FDI measures at the province-industry level to take advantage of additional variations such measures provide relative to industry-level measures.
One of the major difficulties in previous studies stems from the use of aggregate-level data, which often include both foreign and domestic firms, and thus cannot distinguish the higher productivity of foreign firms from the positive spillover effects on domestic firms. Even when the two groups of firms can be separated, one cannot reject the possibility that the observed positive effects are due to the initially more productive domestic firms in the group attracting more foreign capital. Such reverse causality or omitted variable bias is present even if a crosssection of firm-level data are used, due to potential "cherry-picking" by foreign investors of firms that have higher productivity which may not be observable by an econometrician. Moreover, if it takes time for positive FDI spillovers to take effect, a cross-section analysis will miss them.
We employ firm-level panel data from the PRC Industrial Surveys of Mediumsized and Large Firms (2000-2006) . Using firm-level panel data is essential for two reasons. First, firm fixed effects can be used so that the effect of FDI presence is identified by within firm changes in productivity variables, thus ruling out the possibility of reverse causality or selection, to the extent that foreigners' investment decisions are based on initial firm conditions that do not vary over time. Second, seven years of data allow for the study of dynamic effects, which is crucial as various kinds of FDI spillovers all need time to materialize. Importantly, to avoid contamination from the firms that actually received foreign capital, we exclude from our regression sample all firms that had a non-zero share of foreign capital in any year during our sample period.
Estimating total factor productivity (TFP) is not a straightforward task, although a number of approaches have been developed in the industrial organization literature. The main problems that need to be addressed are endogeneity of inputs and persistence of the variables. We use dynamic generalized method of moments (GMM) system with firm fixed effects to estimate production functions by industry, the approach that seems to have become the state of the art in the literature. System GMM uses lagged values of right-hand-side variables as instruments and allows for the lagged dependent variable to be included among the regressors, thus addressing both problems-endogeneity and persistence. 4 Many recent papers that analyze the firm-level panel data also use this method, which allows for comparisons. 5 We further pursue our analysis in four dimensions. First, as we mentioned above, we do not limit our analysis to horizontal spillovers but also analyze the effects of upstream and downstream presence of foreign firms, which we refer to as "vertical spillovers." Second, we analyze the effects of the presence of firms with capital from HMT separately from the firms with capital from other countries. We do this for two reasons: to account for the fact that some of the recorded FDI is in fact round-tripping capital, and to acknowledge potentially different technological gaps. Third, we allow the effects of foreign presence to vary by ownership type of the firm. Fourth, we allow the effects of foreign presence to vary depending on the industry and province characteristics of each firm.
In the analysis, we find that private domestic firms tend to benefit more than state-owned or mixed-ownership domestic firms from the presence of FDI in the same industry, while they benefit less than other firms from the presence of FDI in the upstream industries. While the positive effects are expected as an indication of greater ability of private firms to adapt to foreign presence in their sector, negative effects seem to be specific to the PRC. We hypothesize that negative effects are driven by the explicit or implicit requirement for foreign firms to contract with state-owned firms downstream. This hypothesis is supported by the fact that we also find negative effect of overall presence of state-firm industries on spillovers from foreign presence upstream on domestic private firms. In addition, we find that industries that are more technologically sophisticated experience larger horizontal spillovers from foreign presence, especially of HMT firms, while foreign (FRN) firms appear to guard their technological secrets to some extent. This paper makes several contributions to the literature on FDI spillovers in the PRC. First, we are able to use the best possible data set-a large panel of manufacturing firms-which allows us to control for firm and year fixed effects, ruling out main concerns related to endogeneity of FDI presence. Second, we study both horizontal and vertical FDI spillover effects. Third, we are able to distinguish between FDI from the HMT and that from other foreign sources. Fourth, and most importantly, we investigate the patterns of FDI effects as they vary according to firm, industry, and province characteristics, shedding light on some of the reasons why the results of previous literature are inconclusive.
Admittedly, some of the existing publications have compared FDI spillovers in the PRC along several dimensions. For example, Wang and Zhao (2008), Lin et al. (2009 ), Du et al. (2012 , and examine the horizontal versus vertical FDI spillovers. However, the current study is the first paper to simultaneously explore the various dimensions by which FDI spillover effects may differ, including source country (HMT vs FRN), industry, ownership, as well as by sector connection (horizontal and vertical). Furthermore, we also provide evidence on the mechanisms driving differences across industries and ownership types, which helps further our understanding of the driving forces behind the spillovers.
The paper is organized as follows. Section II presents the description of our data source and the variables we use in this study, as well as our empirical approach. Section III reports the results of our empirical analysis. Section IV concludes.
II. Data and Empirical Approach
Our data come from the Chinese Industrial Surveys of Medium-sized and Large Firms for [2000] [2001] [2002] [2003] [2004] [2005] [2006] . Commonly referred to as the National Bureau of Statistics (NBS) manufacturing survey, this data set includes all state-owned companies and private firms that are above certain size thresholds.
The full data set consists of about 1.5 million observations (half a million firms) and is an unbalanced panel with many more firms entering the sample in 2004, a census year. Unfortunately, we are forced to drop many observations due to missing crucial variables (such as county or industry code) or exact duplications. For the purposes of our analysis we also have to drop from our sample firms that switch provinces during our sample period, as most of our analysis is on spillovers within province-industry cells. In studying FDI spillovers, we exclude from the sample both HMT firms and firms with investment from other foreign sources in any of the years in our sample period (2000) (2001) (2002) (2003) (2004) (2005) (2006) . Thus, only firms with 100% domestic ownership are included in the regression analysis. To explore the effects of domestic firms' ownership type on FDI spillovers, we single out two ownership types: private firms (defined as firms with majority private shares) and state-owned enterprises or SOEs (defined as firms with majority state shares). While these two groups do not span across all firms in our sample due to complicated ownership structures in the PRC, they represent the two "extreme" categories in the degree of governmental control.
After making a number of additional adjustments to the raw data, we ultimately have over 217,000 domestic firms in our FDI spillover regressions, of which about 112,000 are private and almost 105,000 are non-private. In the full sample, we have over 564,000 observations. 7 It is worth pointing out that we do not study firm exit decisions due to data limitations, thus we will not be able to explore the impact of FDI presence on the survival of domestic firms. Kokko and Thang (2014) provide evidence that domestic firms may be forced to exit at the presence of FDI, and we will consider the implications of this possibility in interpreting our empirical findings in section III.
A. Productivity Measures
Most literature on technological spillovers from FDI focuses on the effect on TFP. Similarly, we analyze the impact of FDI on TFP, which we define as the residual generated from estimating a dynamic production function of the form:
where Y it is log of output by firm i at time t, k it is log of capital, l it is log of employment, m it is log of intermediate inputs, η i captures firm-specific fixed effects, and υ i is a random error term. 8 Note that because we include the lagged dependent variable in the right-hand side, the residual should be interpreted as a change in TFP, or the innovation to TFP, rather than the level of the TFP.
In designing the estimation approach, the following characteristics of our data need to be taken into account. First, there is autocorrelation in both left-hand-side and right-hand-side variables. Second, explanatory variables may be endogenously determined. Third, our panel is wide (large N) and short (small T). Moreover, firm fixed effects need to be included to account for unobserved time-invariant differences across firms.
Though a variety of methods exist that can be implemented to estimate (1), data limitations constrain our choice of estimators. Ordinary least squares (OLS) and fixed effect (FE) estimators are not optimal in accommodating the first and the third data features above. 9 We encounter several estimation issues when implementing the method, which include the lack of convergence in some industries and a persistent TFP measure. The Olley and Pakes (1996) method, which requires information on firm exits, would limit our time period since we do not have data on firm exits for the last year of our sample. Thus, in order to estimate model (1) and obtain residuals we have to rely on "internal" instruments that are based on lags of the instrumented variables, using the system GMM estimator developed by Arellano and Bover (1995) and Blundell and Bond (1998) , which is now becoming a mainstream method for estimating such models.
System GMM combines equations in the first differences and in levels. The former eliminates firm-specific fixed effects and uses the lagged levels of variables as valid instruments. The latter exploits additional moment conditions in the levels equations, which enable the use of lagged differences of variables as valid instruments. The equations in levels address the problem of finite sample bias, which arises from the lagged levels of the variables providing weak instruments for first differences (see Alonso-Borrego and Arellano 1999) . The exogeneity of instruments is tested using the Arellano-Bond (Arellano and Bond 1991) test for autocorrelation. 10 8 Output, capital, and intermediate inputs are all deflated to 2000 prices using the PRC's national headline CPI. Capital stock is generated by implementing the perpetual inventory method as in Brandt, Van Biesebroeck, and Zhang (2009) . 9 The asymptotic properties of OLS and fixed effects estimators can be modified to take into account the inclusion of the lagged dependent variable on the right-hand side (Greene 2008, sec.v4.9.6 ). However, the consistency of the estimators depends on T→∞ (Greene 2008, sec. 15.6.5) .
10 The Arellano-Bond (1991) test for autocorrelation tests the null of zero pth-order autocorrelation in the first-differenced error term ( ν it ). In general, AR(p) in first-differences must be checked in order to assess AR(p -1) in levels, and thus the test statistic of main concern is AR(2). We do not report results of the Sargan (1958 Sargan ( , 1959 test. The Sargan test of overidentifying restrictions, which tests the null that the instruments as a group are exogenous, is not robust to heteroskedasticity and autocorrelation and has been shown to over-reject in large samples with persistent series (Blundell and Bond 2000; Blundell, Bond, and Windmeijer 2001) .
In conforming to established practices, we use the lags of levels and firstdifferences of covariates y i,t−1 , l it , k it , and m it as GMM style instruments. We account for the endogeneity of y i,t−1 by using instruments lagged by 3 years and more for equations in first-differences and y i,t−2 for the levels equations. This is done to avoid the violation of moment conditions E[y i,t−2 υ it ] = 0 and E [y i,t−1 υ it] = 0. For the other three covariates l it , k it , and m it , all possible lags in levels are used as instruments in the first-differenced equations and first-differences l it , k it , and m it are used in the levels equations. We estimate production functions for each industry based on two-step system GMM with robust standard errors.
11 There should be minimal first-order autocorrelation of υ it and the moment conditions pertaining to our specified instruments should hold, thus we expect to not reject the ArellanoBond test for AR(2). We also do not expect to reject the Wald test of constant returns to scale hypothesis:
Estimation results are fairly consistent with our expectations. They are reported in Table A .1. For all industries, we fail to reject the Arellano-Bond test for AR(2) at the 5% level. Autocorrelation of the random error term in the levels equations has been removed and our specified instruments are valid. Only for a few industries can we reject the hypothesis of constant returns to scale at the 5% level, which suggest potentially inefficient scale of production.
12 Finally, for each firm, TFP is set equal to υ it . In a recent paper, Brandt, Van Biesebroeck, and Zhang (2009) provide a very careful estimation of TFP using the same data set as we do, with fewer restrictions on the sample. Encouragingly, the descriptive statistics of our TFP measures are very close to theirs.
B. Measures of FDI Presence
To measure the presence of FDI, we construct the weighted average foreign shares of all firms located in the same province and in the same 2-digit CIC sector, with each firm's output as the weight. To distinguish the potentially different effects of investment from different foreign origins, we compute the FDI presence measure for investment from HMT separately from that of other foreign sources (FRN). We are able to do this because firms in our data report the share of their paid-up capital that belongs to firms from the HMT or to firms from the rest of the world. Specifically, the HMT and FRN FDI presence in sector j, in province p, at time t, are defined as
where HMT Share it and FRN Share it are HMT and FRN capital as a share of total paid-up capital, respectively, and Y it is the output of firm i at time t.
To study vertical FDI spillovers, we use the PRC's input-output table of 2002 (122-sectors) to compute the upstream FDI presence and downstream FDI presence for industry j.
13 Downstream FDI presence, or backward linkage, is computed following Javorcik (2004) as the sum of FDI presence in all the client industries of j, weighted by the output coefficients of industry j to these other industries.
14 That is, backward linkages are defined as
for HMT and FRN, respectively, where δ jk is the proportion of sector j's output supplied to sector k. The proportion is then computed, including products supplied for final use and imported intermediate products.
Upstream FDI presence, or forward linkage, is calculated using the within industry FDI presence, excluding output destined for exports, of all 2-digit CIC industries that serve as suppliers to industry j. That is, the forward linkage measures are defined as
where δ jm is the proportion of sector j's inputs purchased from sector m and X it is exports. 13 We aggregate the 122-sector input-output table to reflect 2-digit CIC sectors in our sample. 14 Also see and Kneller and Pisu (2007) for studies on vertical FDI spillovers.
C. Regression Equation
Building to the full model piece by piece, we estimate the following regression,
where TFP is ν it , as constructed in section A for firm i in sector j, province p, and year t; α i and α t are firm and year fixed effects; is a set of six industry-provincelevel FDI measures (HRHMT, HRFRN, BRHMT, BRFRN, FRHMT, FRFRN, as computed above); PR it is the private ownership share of firm i in year t; ϒ j is a set of industry-level characteristics that include ownership composition of the industry and its patent propensity; and ϒ p is a set of province-level ownership composition measures.
Note that the stand-alone effects of industry-level and province-level measures are absorbed by firm fixed effects. Since our TFP measure is estimated using system GMM, we assume that the error term ε it is independent and identically distributed. We also repeat our analysis limiting the sample to firms with private ownership shares exceeding 50%. And in these specifications, we omit the variable, PR it , and its interactions. While the model above includes only linear terms of FDI shares (see Chen et al. 2011 , for a study of nonlinear FDI spillovers), we also conduct estimations with foreign shares computed only including shares from majority foreign-owned firms, which allows for one form of nonlinearity.
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D.
Summary Statistics Table A .2 presents the composition of firms in our sample. Note that while the total share of firms with foreign capital (from any source) did not change much during our sample period, we do observe an increase in the share of firms with majority foreign ownership, especially those with foreign capital from sources other than HMT. Table A .3 presents summary statistics for our key variables in the various samples. We will first describe the overall dynamics observed and then discuss differences across samples. The typical size of the PRC firms included in our sample has increased over the 2000-2006 period in terms of output, but has dropped in employment (see log of labor). The average level of fixed assets, however, remains relatively constant. This implies an upward trend in both labor productivity and capital intensity in the PRC firms during this period. As the PRC economy grows over time, the number of large and medium-sized firms has also been increasing during this period.
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A seemingly paradoxical pattern is decreasing firm age over time. The reason is most likely the large number of new entrants into the survey. Note that these are not necessarily new firms. They may also be firms that have exceeded the threshold level and have been newly included into the survey or firms that changed names, and thus registration numbers, when going through restructuring. Market share tends to decrease over time, indicating more competition within industry on average, while export/total output ratio and new product sales/total output ratio fluctuate and show no clear trends during the period.
A comparison between domestic firms and foreign-invested firms highlights the following patterns:
(i) Domestic firms are smaller than HMT firms, which are in turn smaller than firms with investment from other sources, regardless of how size is measured, whether in the amount of fixed assets, employment, or sales (see market share). (ii) Domestic firms are less capital intensive than HMT firms, which are less capital intensive than other foreign firms. (iii) Both HMT and FRN firms have a higher export/sales ratio than domestic firms. (iv) Firms with foreign investment from sources other than HMT tend to have a higher percentage of sales made up by new products, while HMT firms are not different from domestic firms in this respect.
These differences between domestic and foreign firms confirm the conventional beliefs that foreign firms are more capital-intensive, more internationally oriented, and more technologically innovative. The shares owned by FRN and HMT for each of the industries in our sample are presented in Figure 1 . We can see that while FRN increased for all industries, HMT did not increase or actually declined in food manufacturing, leather/fur, timber processing, pharmaceuticals (western medicine in particular), consumer plastics, and computers. On average, FRN share more than doubled (increased by a factor of 2.4) while HMT share almost doubled (increased by a factor of 1.9). In such industries as coal, ferrous and nonferrous metals, tobacco, and minerals, the shares of both HMT and FRN were negligible, both at the beginning and at the end of our sample. This is important for our analysis since due to firm fixed effects, the identification in our regressions comes from over-time variations in TFP and FDI presence. 
III. Empirical Results
Before we turn to the results of our empirical analysis, we briefly summarize the mechanisms behind technological spillover effects of FDI. Horizontal spillover effects may arise due to competition and demonstration effects. When foreign capital flows into the industry, domestic firms might find both input and output markets more competitive. Competition in the output markets may lower measured TFP (by lowering output prices) but may also increase actual TFP by creating incentives for the firms to increase efficiency. Competition in input markets such as the market for skilled labor (Hale and Long 2011a ) is likely to lower measured TFP through an increase in input costs. Demonstration effects are expected to be positive, as they describe ways in which domestic firms can learn superior technology and/or managerial practices from foreign-invested firms through observation, worker mobility, and informal interaction.
Furthermore, we would expect private firms to gain more from the demonstration effects of FDI than state-owned firms, because the former are more profitoriented than state-owned firms. They should also be in a better position to compete against foreign firms due to their flexibility in hiring and firing decisions. Thus, we would expect more positive horizontal spillovers for private firms and more negative horizontal spillovers for SOEs. Second, we should expect more technological There may be a negative impact as well, however, if foreign firms demand higher quality inputs, which may lower domestic firms' productivity if it takes them time to adjust or if some of their output are rejected. Downstream presence of foreign firms may also cause negative competition effects on the output market for domestic firms if foreign-invested firms prefer to source their inputs from overseas or from other foreign-invested firms. On the other hand, competition in input markets is unlikely in the case of backward linkages because firms operate in sufficiently different industries.
The most obvious reason for spillovers through forward linkages is the availability of higher quality inputs. In addition, more sophisticated inputs may be associated with higher TFP because they may allow for the adoption of superior technologies. Negative spillover effects may arise because some adjustment may be required to incorporate new inputs into production processes, which can be costly in the short run or because foreign investment may be driven by foreign firms' desire to produce supplies for their own firms downstream, thus creating competition effects for inputs of domestic firms.
We would expect both horizontal and vertical spillover effects to be most prominent for private firms that are more flexible and stand to gain more from foreign presence upstream and downstream. On the other hand, because foreign investment in the PRC is regulated, foreign-invested firms may be required to establish or maintain relationships with state-owned firms, thus limiting the potential for positive spillovers on private domestic firms.
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17 Alternatively, part of the FDI from HMT could represent round-tripping, which would not result in any spillovers and therefore may reduce the average spillover effect from HMT, biasing estimated effects of HMT downward.
18 These are authors' computations based on the survey data from the Study of Competitiveness, Technology, and Firm Linkages conducted by the World Bank in 2000. 19 Note that upstream and downstream FDI may also result in horizontal effects on local firms in the relevant industries. Thus, we are not able to separate the direct vertical FDI effects from the indirect vertical effects that Tables A.4 and A.5 report the results from our regression analysis of the effects of FDI presence on the TFP of domestic firms. Table A .4 presents the results for the full sample of domestic firms (with over 200,000 firms), while Table A.5 presents the results for the sample of domestic firms that are majority private-owned (with over 100,000 firms).
A. Aggregate Effects of TFP
The first column in each table reports the results from OLS regressions of TFP on our six measures of FDI presence and, following Javorcik (2004) , controls for demand from downstream industries, and a measure of concentration of firms in the industry. These measures are intended to capture the price effects of TFP due to the fact that our dependent variable in the production function is output measured in domestic currency (RMB) rather than in physical units. As expected, the log of total demand for the industry's output has a positive effect on the measured TFP of the industry, while the degree of concentration has a negative impact, indicating that high concentration has a negative impact larger in size than its potential positive effect on price.
The results are also summarized in Table 1 for the convenience of the reader, with numbers in bold indicating that the coefficients are significant at least at the 10% significance level. The results of column (1) should be interpreted as raw correlations. They cannot be interpreted as causal, because they may be accounted for by common trends, by the cherry-picking phenomenon in case of horizontal may occur if locally-owned suppliers or customers are forced to exit or expand thanks to strong horizontal spillover benefits. We thank the referee for pointing out this subtlety. spillover effects, or by other industry-province-level selection effects. In the other columns of Table 1 , we try to control for these effects.
We find that, both in the full sample and in the sample of private firms, a higher share of FRN firms in the same industry is associated with higher TFP of domestic firms (the coefficient on HRFRN is positive and statistically significant), indicating the potential for positive horizontal spillovers from the same-industry presence of FDI from FRN. In the full sample only, we also find statistically significant negative correlation of TFP with downstream presence of HMT firms, suggesting the possibility that domestic firms may lose their customers when downstream firms are purchased by foreign capital. Finally, in the full sample, we find statistically significant positive correlation of TFP with the presence of FRN-invested firms upstream, which is consistent with the possibility of improved quality of inputs when such inputs are provided by FRN-invested firms.
Column (2) includes year fixed effects and demonstrates their importance. While we still find the positive effect of HRFRN, the other two effects described above are no longer statistically significant. Instead, we now observe a positive and statistically significant effect of FRN presence downstream (BRFRN), both in the full sample and in the sample of private firms. For the private firms' sample, there is now a negative and statistically significant effect of FRN presence upstream, indicating potential competition effect for inputs.
Column (3) presents our true benchmark results. It includes year fixed effects as well as firm fixed effects, thus measuring within-firm effects of changes in FDI presence on changes in TFP. Both in the full sample and in the sample of private firms we only find one statistically significant effect of FDI presence on TFP-that of the presence of HMT firms in the same industry. This effect is positive and is twice as large in magnitude for private firms as it is for the full sample.
B. Effects of the Ownership Structure on Spillovers
As private ownership is likely to permit more flexibility to domestic firms in adapting to the presence of foreign firms, we expect private firms to benefit more on average than SOEs at the presence of foreign firms. On the other hand, there may be some additional effects specific to the PRC that give advantage to state-owned firms due to regulations on foreign investment, especially in terms of vertical spillovers. To further explore the role of firm ownership and to follow up on the last finding in the previous section, we allow for the effects of FDI presence to vary by ownership type of the firm, thus including in regressions reported in column (4) of Table A .4 each firm's share of private ownership and its interactions with our FDI measures.
The results are also summarized in the table below for the convenience of the reader, with numbers in bold indicating that the coefficients are significant at least at the 10% significance level. Consistent with the literature on TFP in the PRC, we find that an increase in private ownership is associated with an increase in TFP-even after controlling for firm fixed effects, we find the coefficient on the private ownership share to be positive and strongly statistically significant. We observe from the results reported in column (4) of Table A.4 that horizontal spillovers from HMT in the same industry is higher for private firms, consistent with our findings in column (3) of Tables A.4 and A.5. In fact, once we allow the coefficient on HRHMT to be different for private firms, the main effect is no longer statistically significant, indicating that for firms with zero private ownership, there is no statistically significant spillover from HRHMT. The results are summarized in Table 2 .
However, we also find that higher private share is associated with larger negative spillovers from the presence of both FRN and HMT upstream. This result is consistent with the redirection of foreign-invested firms' output towards either foreign or state-owned firms. To test for such a mechanism, however, we need to allow for the effects of foreign presence to vary by ownership composition of industries. If the diversion of inputs or demand from private firms is indeed important, it will be more pronounced in industries with a larger share of state and foreign firms.
To test for this, we include in column (5) in Table A .4 and column (4) in Table  A .5 interactions of our FDI variables with average share of state, HMT, and FRN firms in the same industry and in the same province. The interactions with province averages play a role of falsification tests, because they will not be reflective of the competition story.
Specifically, we compute for each industry and for each province the following six measures as of 2000: the output share of majority SOEs in the total output of domestic firms in the same industry or province, the output share of HMT firms in the total output of the same industry or province, and the output share of FRN firms in the total output of the same industry or province. The results are also summarized in Table 3 for the convenience of the reader, with numbers in bold indicating that the coefficients are significant at least at the 10% significance level.
Two main patterns emerge. The first finding suggests that the government may have undertaken measures to protect state-owned sector from the negative impact of foreign presence, especially in upstream industries. The second finding is consistent with the possibility that foreign-invested firms prefer to deal with other foreign-invested firms, rather than with domestic firms. We can see from the results of column (4) of Table A.5 that the higher share of SOEs in the industry reduces positive effects of horizontal spillovers from FDI, regardless of its origin, and also reduces positive spillovers from the presence of FRN firms upstream for the private firms. This suggests that the greater amount of government intervention in industries with a larger share of state firms obstructs the flow of technological spillovers. In particular, this evidence is consistent with the possibility that foreign investors are in some way incentivized to establish or maintain subcontracting or other arrangements with state-owned firms in the same or downstream industry of the firm they are investing in. If so, the more state-owned firms there are, the less likely other firms are to benefit from the foreign presence.
This negative effect of the presence of state-owned firms seems to be limited to industries and does not appear in the presence of SOEs in the province of the firm, which is expected if our conjecture of the mechanism behind the result described above is true. In fact, we find an almost significant positive effect of SOE share on vertical spillovers-through backward linkages of FRN firms and forward linkages of HMT firms. The latter is actually significant for the sample that is limited to private firms (see fourth column, Table A.5). The one exception to this is the effect of average share of state-owned firms in provinces having a statistically significant negative effect on the spillovers from HMT firms that are downstream from private domestic firms. Potentially, an overall large presence of state firms in the province is associated with a regulatory environment that is not conducive to technological spillovers from foreign-invested firms to potential suppliers of goods. 20 20 An alternative explanation for the finding of positive FDI spillovers for private firms but not for SOEs is based on FDI's impact on firm exits, which differs across ownership types. If weak private firms are forced out of the market due to competition from foreign firms but weak SOEs are able to remain, thanks to governmental support, then we would observe higher productivity for private firms that survive than those for SOEs. Due to lack of data on firm exits, however, we are not able to directly test this theory.
The share of foreign firms in the industry does not appear to have statistically significant effects on the FDI spillover potential, although some of the coefficients, especially those on vertical linkages, are close to being statistically significant and are broadly consistent with the hypothesis that foreign firms divert their inputs and outputs to foreign firms away from domestic firms. As a result, domestic firms in industries where foreign presence is larger are less likely to benefit from vertical spillovers.
Finally, we find statistically significant positive effects of FRN presence in the province on the spillovers from FRN presence downstream (BRFRN) in both the full sample and the sample of domestic firms. We also find in both samples a statistically significant negative effect of HMT presence in the same province on spillovers from upstream FRN presence. The first of these findings supports the hypothesis that the overall presence of foreign firms facilitates interactions and potentially allows for more active linkages between domestic firms and foreign firms downstream. The second effect, however, needs further investigation.
C. Patent Propensity
Another important dimension in which industries differ from one another is their technological sophistication. Quite obviously, we would expect FDI technological spillovers to depend on how technologically advanced an industry is. To allow for this, column (6) of Table A .4 and column (5) of Table A .5 present the results of our analysis where we add the interaction of all six FDI measures with the industry-level measure of patent propensity.
Patent propensity of the industry is calculated as the ratio of patents granted to sales during 1979-2000 for US publicly listed firms, and thus is a proxy of how important intellectual property is to a given industry. It might have a mixed effect on the extent of horizontal spillovers from FDI presence. On the one hand, the more important the intellectual property, the more likely technological spillovers through demonstration effects and imitation are going to help, and the bigger is likely to be the technological gap between foreign and domestic technologies. On the other hand, if intellectual property is important to the industry, foreign firms are more likely to guard their technological secrets which may limit potential spillover effects. The results are summarized in Table 4 for the convenience of the reader, with the number in bold indicating that the coefficients are significant at least at the 10% significance level.
Our data suggest that the first effect is likely to dominate, especially for spillovers from HMT firms. We find a positive and significant impact of the interaction term between HMT presence in an industry, and the patent propensity measure of the industry, implying that positive horizontal spillovers from HMT are larger in industries where intellectual property is more important. We also find a positive effect of the interaction term with the FRN presence, but it is not statistically significant and only is half as large in magnitude. Possibly, firms from the rest of the world are more careful in guarding their patented technologies than firms from HMT. There are also likely differences in vertical spillovers depending on whether intellectual property is important for an industry exposed to increased foreign presence either upstream or downstream. For industries where intellectual property is important, spillovers from backward linkages (i.e., from FDI presence downstream) may be limited because foreign firms are likely to source patented products not from domestic firms from the PRC but from foreign firms located either in HMT or other countries such as the US or Japan.
For example, while iPhone is assembled in the PRC, firms there in upstream industries are unlikely to benefit, because all high-tech components going into its production are made in Japan, Germany, and the US (Xing and Detert 2010). Indeed we find evidence of a negative effect of high patent propensity on spillovers through backward linkages, although the effects are not quite statistically significant (the p-values are around 0.2 for interactions with HMT and FRN presence downstream).
To the extent that the importance of intellectual property correlates with technological sophistication, high-tech industries are more likely to gain from FDI presence upstream for two reasons: first, the quality of their components is likely to improve if they switch the sourcing from domestic to foreign firms; second, if they were previously importing components and other intermediate goods, they may now be able to buy them from a foreign firm operating domestically much more cheaply. Both of these possibilities are likely to increase the potential for spillovers from FDI for firms in industries where intellectual property is more important.
We find that spillovers through forward linkages tend to be higher for FRN presence, but lower for HMT presence. 21 We interpret this as evidence that FRN firms are more likely than HMT firms to be embodied with more advanced technologies. The positive effect of technological sophistication of the industry on the FRN spillovers is especially large and is statistically significant for the sample of private firms.
IV. Conclusion and Policy Implications
In this paper, we provide a nuanced look at technological spillovers from FDI on domestic firms from the PRC. We point out that such spillovers are distributed unevenly across firm ownership types, spillover types (horizontal versus vertical), origins of foreign capital, as well as the degree of technological sophistication of industries.
Compared to state-owned firms, domestic private firms in the PRC are more likely to benefit from horizontal FDI spillovers but are less likely to benefit from vertical ones. Furthermore, the ownership composition of the industry is also important, with domestic firms less likely to enjoy both positive horizontal FDI spillovers and positive spillovers from forward linkages, where there is more state ownership. In addition, between FDI from HMT, and that from other parts of the world, the former tends to produce more positive horizontal spillovers for private firms but also more negative forward linkage spillovers, again only for private firms. Finally, FDI presence in technologically sophisticated industries tends to produce more horizontal spillovers (in the case of HMT firms) and more forward linkages (in the case of FRN firms).
The fact that spillover effects are unevenly distributed across industries, ownership types, and sources of FDI helps us understand why there is such diversity of findings in the vast literature on FDI spillovers in the PRC. Results based on pooled or aggregate data depend on the sample of firms included in the study, the sample period, as well as additional control variables and specification restrictions. We believe our analysis provides good reasons for further studies at the disaggregated level, and we hope that it would encourage further empirical work in this direction.
On the policy front, we believe that our findings have at least the following three implications. First of all, the ability of private firms to obtain more positive spillovers in the presence of FDI offers an additional justification for renewed privatization effort in the PRC. Their greater adaptability allows more flexible employment practices, better production organization, and faster learning from their foreign suppliers, clients, as well as competitors. Thus, a host country with a viable private sector does not need to worry much about the threat of foreign firms taking over domestic industries.
Our second policy-related finding is that regulations probably aimed at protecting state-owned firms not only defeat their initial purpose but also become obstacles to private firms' obtaining positive spillovers. As we can see, private firms located in industries with more state-owned firms benefit significantly less from FDI presence in the downstream industries. A plausible explanation is the diversion of forward linkages from private firms to state-owned firms (or foreign firms) in industries where FDI is regulated. Although the message is less sanguine, it points to the same direction as our previous finding in that private firms should be the focus of governmental considerations evaluating FDI policies, not SOEs.
The third policy implication we can draw relates to the host country's intellectual property rights protection, or broadly speaking, innovation policies. As discussed above, an industry's patent propensity determines the extent of spillovers from FDI presence in some interesting ways. While indigenous firms in technologically more sophisticated industries tend to benefit more from HMT firm presence in the same industry, it is FRN presence in downstream industries that have positive spillovers on domestic firms. Given that FRN firms tend to be more technologically advanced, these findings are consistent with anecdotes that technologically sophisticated foreign firms guard their technologies in a way that restricts horizontal technological spillovers in the most advanced technology areas. As a result, a natural policy recommendation would be to further improve protection of intellectual property rights so that foreign investors, especially those with frontier technologies, will feel more comfortable sharing information and creating spillovers. 
Note:
• 2-step system GMM estimations implemented using STATA XTDPD package. All variables in logs. Dependent variable is output. Fixed effects controlled for by first-differencing the equation, which is simultaneously estimated along with equations in the levels. Robust standard errors in parentheses.
• Firms with nonzero other foreign (FRN) share and Hong Kong, China; Macau, China; Taipei,China (HMT) share are excluded.
• All variables are deflated to 2000 prices using the PRC's national headline CPI.
• Capital stock is generated by implementing perpetual inventory method as in Brandt et al. (2009) .
• For all GMM-SYS estimations, instruments for the endogenous lagged output variable are y t-3 and earlier in the differenced equations and y t-2 in the levels equations.
• For predetermined variables k, l, and m, instruments specified are k t-1 , l t-1 , m t-1 and earlier in the differenced equations and k 
